Early evaluation of myocardial viability in acute myocardial infarction is useful to guide therapy. Therefore, we assessed 64-slice computed tomography (CT) immediately after coronary angiography in this setting.
Background
Recent preliminary studies have shown the promising usefulness of late hyperenhancement multislice computed tomography (MSCT) for non-viability assessment.
Methods
Thirty-six patients admitted for a first acute myocardial infarction had a coronary angiogram early after admission followed by 64-slice CT without iodine reinjection. The 16 segments of the left ventricle depicted by the American Society of Echocardiography were graded: no, subendocardial, or transmural hyperenhancement. No or subendocardial hyperenhancement were expected to reflect viability. Two to 4 weeks later, the same segments' contractility was evaluated at rest. Low-dose dobutamine echocardiography was performed in case of akinetic segment at rest.
Results
Mean delay between coronary angiography and MSCT was 24 Ϯ 11 min (range 7 to 51 min). We compared 576 segments evaluated by each method. Agreement was noted for 560 segments (97%) and disagreement for 16 segments (3%). Thus, 64-slice CT after coronary angiography for an acute myocardial infarction had 98% sensitivity, 94% specificity, 97% accuracy, and 99% positive and 79% negative predictive values for detecting viable myocardial segments at a very early stage of an acute myocardial infarction. On a per-patient analysis, sensitivity, specificity, accuracy, and positive and negative predictive values were 92%, 100%, 94%, and 100% and 85%, respectively.
Conclusions
A 64-slice CT after coronary angiography for an acute myocardial infarction is a promising method for early evaluation of viable myocardium. After a coronary occlusion, myocardial necrosis progresses in a wave front extending from subendocardium to subepicardium (1) . At the same time, as much as 58% of the left ventricle wall thickening relies on the endocardium, 25% on the middle, and 17% on the subepicardial layer (2) . Infarct size and ejection fraction are important prognostic predictors after myocardial infarction (3) . However, ejection fraction is load-dependent and could be unaltered in case of akinetic area with a hyperkinetic remote myocardium.
Distinction between stunned and irreversibly damaged myocardium is a major concern in the setting of an acute myocardial infarction (AMI). A previous study using positron emission tomography showed that as much as 40% of the myocardial area at risk identified after a myocardial infarction is stunned (4) . Identification of stunned myocardium is essential in helping the revascularization decision when a successful thrombolysis leaves a significant stenosis of the culprit coronary artery. Prognosis is better, even without revascularization, when stunned myocardium is identified in a post-infarction dysfunctional left ventricle (5) . On the other hand, remodeling depends on the transmural extent of the myocardial infarction (6) and the reflow downstream the culprit coronary artery (7-9). Thallium imaging offers a good level of sensitivity but a specificity below 60% (10,11) for viability assessment. Dobutamine echocardiography, although providing a better specificity (83% to 86%) (10, 11) and a similar sensitivity, could be hazardous in cases of severe dysfunctional left ventricle or critical stenosis with limited flow at rest or in case of ventricular arrhythmia. Delayed enhancement magnetic resonance imaging (MRI) has been widely validated for nonviability assessment (12, 13) , and very recently electrocardiogram (ECG)-gated multislice computed tomography (MSCT) has shown comparable results as an alternative technique (14 -16). As CT is quicker and easier than MRI and available in an emergency setting, we wanted to evaluate the usefulness of 64-slice CT delayed enhancement without iodine reinjection immediately after coronary angiography. Computed tomography findings were compared with a previously validated technique: low-dose dobutamine echocardiography. Material. For 6 consecutive months, patients were admitted in our hospital and enrolled in our study at daytime hours only (from December 2005 to June 2006). Inclusion criteria were ST-segment elevation, and/or long-lasting spontaneous chest pain within the preceding 5 days, and/or acute coronary occlusion with more than 2 times normal creatine phosphokinase release. Exclusion criteria were previous myocardial infarction, renal impairment (creatinine above 200 mol·l Ϫ1 ). Coronary angiography was performed as soon as the patient arrived at hospital in case of unrelieved chest pain. Contrast media used was Iomeprol (Bracco, Milan, Italy). When thrombolytic agent was perfused, coronary angiography was performed 90 min later with continuing chest pain or the following day in case of relieved chest pain. The culprit coronary artery was defined on the combination of ECG at admission and the angiographic result. Angioplasty was immediately attempted when unrelieved chest pain and/or Thrombolysis In Myocardial Infarction flow grade 2 or less downstream the culprit stenosis. All patients underwent 64-slice CT immediately after coronary angiography. Iodine volume and time lasting from the last coronary injection to 64-slice CT scanning were measured. The study was approved by our institution committee, and all the patients enrolled gave their informed consent.
Methods

64-slice CT.
A 64-slice CT is next to the catheterization laboratory in our institution. All images were acquired without contrast medium reinjection. Images were performed on a 64-slice CT (Sensation 64, Siemens, Erlangen, Germany) using ECG-gated acquisition with ECG-tube current modulation. Low kilovoltage setting was applied (80 kV in patients below 70 kg, 100 kV above) with a tube current of 700 mAs in both cases. Mean dose length product was 240 mGyϫcm corresponding to an approximate mean radiation dose of 4 mSv.
Images were reconstructed at the mid-diastolic phase with an initial slice thickness of 3 mm. Sections of the left ventricle in parasternal long-and short-axis, apical 4-and 2-chamber views were obtained by 8-mm slice reformatted images. Contrast hyperenhancement was assessed visually by 2 experienced observers in consensus (1 radiologist and 1 cardiologist) unaware of the results of dobutamine echocardiography. The American Society of Echocardiography (ASE) 16-segment model was used for segmental evaluation (17) . Hyperenhancement extent was considered subendocardial if Ͻ50% of the left ventricle thickness was involved (Figs. 1 and 2) and transmural if above (Fig. 3) . No or subendocardial hyperenhancement was expected to reflect viability. Patients were considered having a transmural infarction whenever 2 or more adjacent segments exhibited transmural late hyperenhancement on 64-slice CT. All examinations achieved sufficient diagnostic quality for the assessment of the myocardial contrast changes. Echocardiography. Two to 4 weeks (20 Ϯ 5 days) after AMI, patients were called back for low-dose dobutamine echocardiography by the same operator 2 days after with- was measured by a Simpson biplane method, and the same volumes were divided by the body surface area (indexed volumes). Baseline ejection fraction was calculated. Lowdose dobutamine echocardiography was performed when an akinetic segment was identified at rest starting with a 5-g/kg/min infusion and followed by 2.5-g/kg/min increment stages. No more than 15 beats/min above the baseline heart rate was reached in order to avoid ischemia. In case of poor image quality, a microbubble contrast agent (Sulphur hexafluoride, Bracco) was injected to better visualize the different myocardial segments. Myocardial viability was expected to correspond to a normal or hypokinetic segment at rest or an akinesia improving with low-dose dobutamine. Patients were considered having a non-viable infarction whenever 2 or more adjacent akinetic segments did not show a contractile reserve at low-dose dobutamine echocardiography. A wall motion score index (WMSI) (mean score of all segments) was calculated at rest and after dobutamine infusion. Statistics. Statistical analysis was performed with StatView 5.0 software (SAS Institute Inc., Cary, North Carolina). Percentages are expressed with 95% confidence interval. Continuous variables were expressed as mean Ϯ SD. Correlations were tested after transformation by z value of Fischer to evaluate the probability for rejecting the null hypothesis (r ϭ 0). We reported correlation coefficient (r) and the assessed probability from z transformation (p). A p value Ͻ0.05 was regarded as statistically significant. Enhancement on 64-slice CT was compared with normal contractility or contractile reserve at low-dose dobutamine echocardiography accepted as reference method. This comparison was depicted as sensitivity, specificity, accuracy, positive and negative predictive values on patients, segments, and main culprit coronary arteries analysis.
Results
Our study population comprised 35 men and 1 woman (Table 1) . Mean age was 57 Ϯ 13 years. All patients were in sinus rhythm. Thirty-four patients had ST-segment elevation, 1 had ST-segment depression, and the last no STsegment variation. Myocardial infarction was anterior (n ϭ 16), inferior (n ϭ 13), posterior (n ϭ 3), and lateral (n ϭ 4). Twenty-one patients had a primary angioplasty when entering the study. Five had a facilitated angioplasty after a thrombolytic therapy. The remaining had a coronary angiography after (n ϭ 6) or not (n ϭ 4) a thrombolytic therapy. The median delay between onset of myocardial infarction and first therapy was 3.25 h (range 1 to 120 h). Left anterior descending (n ϭ 16), right (n ϭ 13), circumflex (n ϭ 6), and a diagonal branch (n ϭ 1) were the culprit coronary arteries. Coronary angiography depicted 2 significant left main stenoses. The left anterior descending coronary artery was occluded (n ϭ 10) or significantly stenosed (n ϭ 14 Comparison of 64-slice CT enhancement and low-dose dobutamine echocardiography. On a per-segment analysis, agreement was noted for 560 segments (97%): 465 with normal and 45 with subendocardial hyperenhancement were considered normal or having a contractile reserve at dobutamine echocardiography, and 50 segments with transmural hyperenhancement did not show a contractile reserve. Disagreement was noted for 16 (3%) segments: 2 with normal and 1 with subendocardial hyperenhancement were akinetic without a contractile reserve, and 13 with transmural hyperenhancement exhibited a contractile reserve at dobutamine echocardiography. Thus, 64-slice CT after coronary angiography for an AMI had 98% sensitivity, 94% specificity, 97% accuracy, and 99% positive and 79% negative predictive values for detecting viable myocardial segments at a very early stage of AMI.
On a per-patient analysis, agreement between our 2 evaluations was found for 34 (94%) patients: 11 had a transmural hyperenhancement and did not exhibit a contractile reserve, and 23 were considered viable at low-dose dobutamine echocardiography and not transmurally hyperenhanced on 64-slice CT. Disagreement was limited to 2 (6%) patients having transmural hyperenhancement but presenting a contractile reserve at dobutamine echocardiography. This led to sensitivity, specificity, accuracy, and positive and negative predictive values of 92%, 100%, 94%, and 100% and 85%, respectively, for 64-slice CT delayed hyperenhancement to predict viability. Habis et al. March 20, 2007 March 20, :1178 MSCT Viability Assessment in Acute MI
On a culprit artery analysis, sensitivity, specificity, accuracy, positive and negative predictive values are presented in Table 2 .
The number of transmural hyperenhanced segments was significantly correlated to rest (r ϭ 0.91, p Ͻ 0.0001) and dobutamine (r ϭ 0.95, p Ͻ 0.0001) WMSI, left ventricle diastolic (r ϭ 0.39, p ϭ 0.02) and systolic (r ϭ 0.66, p Ͻ 0.0001) absolute and indexed volumes (r ϭ 0.48, p ϭ 0.003; r ϭ 0.66, p Ͻ 0.0001), respectively, and to left ventricle ejection fraction (r ϭ Ϫ0.80, p Ͻ 0.0001).
Baseline Characteristics of Our Study Population *Entry status: coronary angiography without previous thrombolytic therapy (A), angiography after thrombolytic therapy (AT), facilitated angioplasty (FA), primary angioplasty (PA); †status of CA: n ϭ normal; occl ϭ occluded; ss ϭ significant stenosis. ST-segment (ST) variation: elevation (STϩ), depression (STϪ), no variation (no ST). ant ϭ anterior; CA ϭ culprit artery; Cx ϭ circumflex; Diag ϭ diagonal branch; DIT ϭ delay (h) from onset of myocardial infarction to treatment; EF ϭ ejection fraction; inf ϭ inferior; LAD ϭ left anterior descending coronary artery; lat ϭ lateral; post ϭ posterior; RCA ϭ right coronary artery; SSCA ϭ number of coronary arteries with significant stenosis.
Comparison of 64-Slice CT Myocardial Lack of Hyperenhancement With Low-Dose Dobutamine Echocardiography FN ϭ false negative (more than 50% enhanced segments at computed tomography [CT] presenting normal contractility at rest or a contractile reserve); FP ϭ false positive (akinetic segments without contractile reserve exhibiting normal or Ͻ50% enhancement on CT); NPV ϭ negative predictive value; PPV ϭ positive predictive value; TN ϭ true negative; TP ϭ true positive; other abbreviations as in Table 1 .
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Discussion
Comparison with previous studies. To the best of our knowledge, our study is the first evaluating the usefulness of late-enhancement 64-slice CT immediately after coronary angiography to assess AMI viability in such an early setting. Late enhancement CT performed in a 2-week delay after 28 reperfused AMIs was found to be as reliable as delayed enhancement MRI for evaluating infarct size (16) . Acute myocardial infarction late hyperenhancement on MSCT is well correlated to histomorphometric infarct size staining (15) and accurately predicts its transmural extent. This agreement is better for acute than chronic myocardial infarctions (14) . Paul et al. (18) also found a good correlation between late defects on multi-detector row CT scan 2 days after 34 AMIs with the infarct size assessed at 6 weeks by single-photon emission CT.
Comparison with MRI.
As for gadolinium in MRI, destruction of sarcolemmal membranes allows iodine entrance in damaged myocardial cells (14) . Because 75% of myocardial volume is intracellular, iodine penetration in damaged myocardial cells increases its distribution volume. Low wash in and wash out also contribute to this late hyperenhancement. Iomerol and gadolinium, though having different molecular structures, share the same delayed kinetic in experimental AMIs (14) . This slow iodine wash out from the damaged myocardium allowed infarct size assessment in our study as late as 51 min after the end of coronary angiography (Fig. 1) . Previous MRI studies have highlighted the role of imaging time for accurately delineating the real infarct size (19) . Modifying inversion time in MRI allowed correcting for different gadolinium doses and imaging delays (20) . On the other hand, an experimental MSCT study showed that though signal intensity decreased over time, the real infarct size remained proportionately unchanged when compared with the left ventricle chamber and remote myocardium over 40-min delay (15) . Multislice CT offers a better spatial resolution than MRI and is less altered by the partial volume effect because of sections 10 to 20 times thinner. However, signal intensity and contrast-to-noise ratio is higher in MRI (14) . Magnetic resonance imaging hyperenhancement overestimates the real infarct size especially when imaging is performed early after reperfusion probably because standard contrast media react with interstitial subendocardial edema (21) . The possible iodine contrast interaction with peri-infarction edema is not yet evaluated. Contractile reserve in the stunned segments. The determination of the real infarct size in the setting of an AMI is blurred by the rest contractile state. The core of the infarct is surrounded by an area at risk containing stunned myocardial cells. In the mean time, experimental studies have demonstrated adjacent non-ischemic areas of impaired thickening extending with infarct transmurality (22) . Contractile reserve evaluated after a myocardial infarction is an already validated method for predicting viability (23) and left ventricular remodeling (6) . Though being safe even when performed in the first week after myocardial infarction (24, 25) , it is contraindicated in cases of persistent ventricular arrhythmia and could be hazardous even with low-dose dobutamine infusion when a non-culprit coronary stenosis has a very limiting flow. A MSCT evaluation after coronary angiography is safer, does not require additional iodine injection, and is, in this preliminary study, an immediate reliable and currently available evaluation of myocardial viable segments in the acute setting of myocardial infarction when CT scan is next to the catheterization laboratory. Using low kV settings, additional radiation dose (4 mSv) seems acceptable. Disagreement between the 2 evaluations. We expected CT scan to evaluate the same segments as echocardiography by closely comparing the same 4 views of the left ventricle, but we cannot exclude some variability in segmental localization of myocardial infarction. Therefore, we used the threshold of 2 segments to define non-viability on perpatient analysis to increase the robustness of the comparison. As previously shown by Gerber et al. (26) , circumferential shortening differs between infarct core and border zone. Four of our 13 transmural hyperenhanced segments could be at the periphery of an infarct core and be tethered by adjacent normocontractile segments. On the other hand, recruitment of viable myocardial cells inside a layer of necrosis was also demonstrated experimentally (27) , and a previous study (28) has described contactile reserve in 19% of segments exhibiting more than 50% hyperenhancement on MRI, which is in agreement with the 20% segments (13 of 63) in our study. This rate decreases when the transmural extent of delayed enhancement increases (28, 29) . Thus, we cannot exclude a better agreement between the 2 methods if the threshold was 75% of delayed hyperenhancement. We cannot also exclude iomeprol diffusion in edematous segments surrounding a myocardial infarction. Finally, myocardial infarct size could have partially shrunk at the first month as previously described on follow-up (30) .
Our 3 false-positive segments on MSCT consisted of 2 normal and 1 subendocardial hyperenhancement found akinetic without contractile reserve at dobutamine echocardiography. The reason could be a possible increase in the delayed enhancement size as the 33% increase described by Rochitte et al. (31) on MRI during the first 2 days after AMI. We cannot exclude dobutamine echocardiography having missed a real contractile reserve (negative predictive value between 80% and 93%) (25, 32, 33) . Higher dobutamine dose or follow-up could later confirm it.
Because of these rare discrepancies, no conclusion can be drawn regarding a potential role of the delay between coronary angiography and scanning or Iomeprol (Bracco) volume injected nor the patient status at entry. Prediction of global left ventricle function. Long-term improvement in the left ventricular ejection fraction and wall thickening score rely on the number of dysfunctional segments improving their contactility during follow-up (34) . Similarly, the acute infarct size assessed by contrastenhanced MRI is correlated with the 2-month follow-up ejection fraction and the left ventricle end-systolic volume (30) . The correlation found in our study between the number of transmural late hyperenhanced segments and the left ventricle systolic volume and ejection fraction on the first month is in agreement with this concept. Study limitations. Standardization is difficult considering iodine volume and scanning delay variations. Due to the short delay between the procedures, such viability assessment can only be performed in routine when CT is next to the catheterization laboratory. Late enhancement 64-slice CT was compared with low-dose dobutamine echocardiography performed 2 to 4 weeks after AMI, which was previously found reliable for predicting viability. Follow-up study would have required a new echocardiographic evaluation, which was not in the scope of this preliminary study. Follow-up echocardiographic evaluation is also an imperfect reference method (35) because the expected contractile recovery (contractile reserve at low-dose dobutamine echocardiography) could only emerge in response to stress (36, 37) . Our 2 evaluations of myocardial viability were not simultaneous, but reperfusion of the culprit coronary artery was successful and uneventfully achieved for 94% of our patients during that elapsed delay. Our study enrolled only 2 patients (Patients #18 and #25) reperfused by coronary artery bypass graft after viability assessment by the 2 methods. However, MRI studies have shown that delayed enhancement did not rely on the reperfusion of the culprit coronary artery (38, 39) . Finally, no conclusion can be drawn from our 3 patients with subendocardial hypodensities because our scanning delay is probably not accurate for this evaluation of microvascular obstruction. Clinical implications. Therefore, 64-slice CT performed immediately after coronary angiography appears to offer a good accuracy and very good positive predictive value for viability assessment when compared with low-dose dobutamine echocardiography. Based on the results of this preliminary study, it could be sufficient to confirm the presence of viable segments in an AMI when hyperenhancement is absent or involves Ͻ50% of the myocardial wall thickness. However, we still recommend performing dobutamine echocardiography when hyperenhancement involves more than 50% of the myocardial wall to avoid missing 20% of transmural hyperenhanced segments exhibiting a contractile reserve. Such an immediate assessment of myocardial viability may play an important role in post-infarction therapeutic strategies in the future, especially after successful reperfusion with persistent significant stenosis of the culprit coronary artery.
Conclusions
In this preliminary study, 64-slice CT without iodine reinjection immediately after coronary angiography for an AMI is a promising method of very early viability assessment. It offers all the following cumulated advantages: very early, quick, safe, easy, and diffusely available evaluation, which could be sufficient to define viability when hyperenhancement is absent or involves less than 50% of the myocardial thickness.
